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(57) ABSTRACT

A lighting system for a digital cinema projection apparatus is
provided. The lighting system includes an ultra high pressure
mercury lamp, a relay lens group, a digital micro display
module, an optical filter module, and a projection lens. The
ultra high pressure mercury lamp is used for emitting a light
beam. The relay lens group is used for receiving the light
beam and adjusting an optical path of the light beam. The
optical filter module is arranged along the optical path of the
lighting system for optically modulating an optical spectrum
and/or a white balance of the light beam from the ultra high
pressure mercury lamp. The projection lens is used for pro-
jecting the modulated light beam as an image beam.

13 Claims, 9 Drawing Sheets

I

1T

—_
o]



U.S. Patent

14

Apr. 5, 2016 Sheet 1 of 9

x /g@
N
o
-—

K‘u—)

S

~ IO

o _—=

™

N

(o]

=

101

US 9,307,209 B2

FIG. 1A



US 9,307,209 B2

Sheet 2 of 9

Apr. 5, 2016

U.S. Patent

O
&N

\[4

e 0¢
A
| | —— - /
=
J MN . J ........ M — v
€0¢ e | i
(4 ﬂ



U.S. Patent Apr. 5, 2016 Sheet 3 of 9
170
/ 17

171 172
\/

FIG. 2A

17

172

<— =
="

FIG. 2B

US 9,307,209 B2



U.S. Patent Apr. 5, 2016 Sheet 4 of 9 US 9,307,209 B2

Transmittance

10
100% + T
50% + 'I

400nm 500nm 600nm  700nm Wavelength

FIG. 3A
Transmittance mn
100%+ —
50% +

400hm  500nm  600nm  700nm  Wavelength

FIG. 3B



U.S. Patent Apr. 5, 2016 Sheet 5 of 9 US 9,307,209 B2

FIG. 4

02 03 04 05 06 07 08

00 0.1

0.4 -
0.3 -
0.2 -
0.1 -
0.0

0.9 -
0.8 -
0.7 -
0.6 -
0.5 -



US 9,307,209 B2

Apr. §, 2016 Sheet 6 of 9

U.S. Patent

KY

F5) |' 1

il

g 1

Sir \

[ LY

T

7y il %

H ] “

H LY LY

i hd .
/
1

S,
~ran,
.,
.,
e,

500 550
Wavelength(nm)

FIG. 5A
7

1
LAY
[
FAR I
AN
iiloN
] L ¥ .
A A
{ |‘-'. “\
'..' L. .
.
- ]
i >,
< ! 3
H ()
i Y
i i
H 3
:'l N S —.
{ S
i W o,
[ oy,
[] ,
! .,
i X
| | | | |

Wavelength(nm)

FIG. 5B



U.S. Patent Apr. 5, 2016 Sheet 7 of 9 US 9,307,209 B2

Transmittance —

100%

50% +

400Inm | 500|nm |600nlm 700n|m Wavelength

FIG. 6A
Transmittance 17
100%-
50% 7
B G R

400nm  500nm  600nm  700nm Wavelength

FIG. 6B



U.S. Patent Apr. 5, 2016 Sheet 8 of 9 US 9,307,209 B2

- 17
Transmittance 171 172
100% ___[____
50% +
B G R
400nm  500nm  600nm 700nm Wavelength
Transmittance 17
100% +
50% T
B G R

400nm  500nm  600nm  700nm

FIG. 7B



U.S. Patent Apr. 5, 2016 Sheet 9 of 9 US 9,307,209 B2

AU.

400nm  500nm  600nm  700nm Wavelength

FIG. 8

Transmittance

100%

50%
40% LN

400nm  500nm  600nm  700nm Wavelength

FIG. 9



US 9,307,209 B2

1
LIGHTING SYSTEM AND DIGITAL CINEMA
PROJECTION APPARATUS EMPLOYING
SAME

FIELD OF THE INVENTION

The present invention relates to a lighting system, and more
particularly to a lighting system for a digital cinema projec-
tion apparatus by using an ultra high pressure mercury lamp
as a light source.

BACKGROUND OF THE INVENTION

Nowadays, a variety of digital cinema projection appara-
tuses use a digital light processing (DLP) technology to per-
form digital projection. For meeting the brightness request to
projectimage onto a large-size screen and complying with the
color request which was developed by Digital Cinema Initia-
tive (DCI), the lighting system for the conventional digital
cinema projection apparatus is usually equipped with a xenon
lamp as a light source. Since the optical spectrum of the xenon
lamp in the visible light range is close to the sunlight spec-
trum, the xenon lamp may readily achieve the color request
for DCI. In addition, the xenon lamp can output power in a
very wide range. For example, since the power range of the
xenon lamp is from 1200 W to 7000 W, the xenon lamp is
sufficient to project digital cinema onto a large-size screen.
However, the xenon lamp still has some drawbacks. For
example, the xenon lamp has bulky volume, low power con-
version efficiency and high cost. Because of these drawbacks,
it is difficult to reduce the volume and cost of conventional
digital cinema projection apparatus.

Generally, the small-sized optical projection apparatus
does not need to comply with the color request of DCI. Since
it is not necessary for the small-sized optical projection appa-
ratus to project the wide-range image onto the large-size
screen, the small-sized optical projection apparatus is usually
equipped with an ultra high pressure (UHP) mercury lamp as
a light source. Since the UHP mercury lamp has many ben-
efits such as low cost, small volume and long life, the use of
the UHP mercury lamp is helpful for reducing the overall cost
of'the whole optical projection apparatus. However, since the
optical spectrum of the UHP mercury lamp is not close to the
sunlight spectrum, the use of the UHP mercury lamp in the
digital cinema projection apparatus fails to comply with the
color request of DCI.

Therefore, there is a need of providing a lighting system for
a digital cinema projection apparatus by using an ultra high
pressure mercury lamp as a light source in order to comply
with the color request of DCI and reduce the overall volume
and cost.

SUMMARY OF THE INVENTION

The present invention provides a lighting system for a
digital cinema projection apparatus by using an ultra high
pressure mercury lamp as a light source. The lighting system
has an optical filter module for adjusting the output color
gamut and modulating the white balance. Consequently, the
output color of the lighting system of the present invention
can comply with the DCI color request. Moreover, the use of
the UHP mercury lamp is helpful for reducing the overall cost
and volume of the digital cinema projection apparatus and
prolonging the use life of the digital cinema projection appa-
ratus.

In accordance with an aspect of the present invention, there
is provided a lighting system for a digital cinema projection
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apparatus. The lighting system includes anultra high pressure
mercury lamp, a relay lens group, a digital micro display
module, an optical filter module, and a projection lens. The
ultra high pressure mercury lamp is used for emitting a light
beam. The relay lens group is used for receiving the light
beam and adjusting an optical path of the light beam. The
optical filter module is arranged along the optical path of the
lighting system for optically modulating an optical spectrum
and/or a white balance of the light beam from the ultra high
pressure mercury lamp. The projection lens is used for pro-
jecting the modulated light beam as an image beam.

In accordance with another aspect of the present invention,
there is provided a lighting system for a digital cinema pro-
jection apparatus. The lighting system includes an ultra high
pressure mercury lamp, a relay lens group, a digital micro
display module, an optical filter module, and a projection
lens. The ultra high pressure mercury lamp is used for emit-
ting a light beam. The relay lens group is used for receiving
the light beam and adjusting an optical path of the light beam.
The optical filter module is arranged along the optical path of
the lighting system for optically modulating an optical spec-
trum and/or a white balance of the light beam from the ultra
high pressure mercury lamp, wherein the optical filter module
comprises a notch filter with a notch wavelength range
between 535 nm and 625 nm. The projection lens is used for
projecting the modulated light beam as an image beam.

In accordance with a further aspect of the present inven-
tion, there is provided a digital cinema projection apparatus.
The digital cinema projection apparatus includes a lighting
system and a projection screen. The lighting system includes
an ultra high pressure mercury lamp, a relay lens group, a
digital micro display module, an optical filter module, and a
projection lens. The ultra high pressure mercury lamp is used
for emitting a light beam. The relay lens group is used for
receiving the light beam and adjusting an optical path of the
light beam. The optical filter module is arranged along the
optical path of the lighting system for optically modulating an
optical spectrum and/or a white balance of the light beam
from the ultra high pressure mercury lamp. The projection
lens is used for projecting the modulated light beam as an
image beam. The image beam is projected on the projection
screen.

The above contents of the present invention will become
more readily apparent to those ordinarily skilled in the art
after reviewing the following detailed description and accom-
panying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A schematically illustrates the architecture of a
lighting system for a digital cinema projection apparatus
according to a first embodiment of the present invention;

FIG. 1B schematically illustrates the architecture of a light-
ing system for a digital cinema projection apparatus accord-
ing to a second embodiment of the present invention;

FIGS. 2A and 2B schematically illustrate two exemplary
optical filter modules used in the lighting system of FIG. 1A;

FIG. 3A illustrates the optical spectrum of the ultra high
pressure mercury lamp used in the lighting system according
to the first embodiment of the present invention;

FIG. 3B illustrates the transmission spectrum of the notch
filer used in the lighting system according to the first embodi-
ment of the present invention;

FIG. 4 schematically illustrates the color gamut of the ultra
high pressure mercury lamp, the color gamut of the combi-
nation of the high pressure mercury lamp and the notch filer
and the color gamut of the DCI request;
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FIG. 5A illustrates the simulated transmission spectrum of
the notch filer, in which the upper limit of the wavelength
corresponding to the minimum transmittance is about 585
nm;

FIG. 5B illustrates the simulated transmission spectrum of
the notch filer, in which the lower limit of the wavelength
corresponding to the minimum transmittance is about 575
nm;

FIG. 6A illustrates the transmission spectrum of the notch
filer and the neutral density filter of the lighting system
according to a third embodiment of the present invention;

FIG. 6B illustrates the transmission spectrum of the com-
bination of the notch filer and the neutral density filter after an
equivalent light intensity modulation;

FIG. 7A illustrates the transmission spectrum of the notch
filer and the neutral density filter of the lighting system
according to a fourth embodiment of the present invention;

FIG. 7B illustrates the transmission spectrum of the com-
bination of the notch filer and the neutral density filter after an
equivalent light intensity modulation;

FIG. 8 illustrates the optical spectrum of the lighting sys-
tem according to the first embodiment of the present inven-
tion; and

FIG. 9 schematically illustrates the notch wavelength
range of the notch filter used in the lighting system according
to the first embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will now be described more specifi-
cally with reference to the following embodiments. It is to be
noted that the following descriptions of preferred embodi-
ments of this invention are presented herein for purpose of
illustration and description only. It is not intended to be
exhaustive or to be limited to the precise form disclosed.

FIG. 1A schematically illustrates the architecture of a
lighting system for a digital cinema projection apparatus
according to a first embodiment of the present invention. As
shown in FIG. 1A, the lighting system 14 is installed in a
digital cinema projection apparatus 1A. By the lighting sys-
tem 14, an image beam 104 is projected onto a projection
screen 16. The lighting system 14 comprises a light source 10,
a relay lens group 11, an optical filter module 17, a digital
micro display module 13, and a projection lens 15. The digital
micro display module 13 comprises a digital micro display
device (not shown), a color-splitting prism (not shown), a
color-combining prism (not shown) and other optical ele-
ments. An example of the digital micro display device
includes but is not limited to a liquid crystal display (LCD), a
liquid crystal on silicon (LLCoS) or a digital micro-mirror
device (DMD). The examples of the digital micro display
device are well known to those skilled in the art, and are not
redundantly described herein. In this embodiment, the digital
micro display module 13 comprises a digital micro-mirror
device (DMD).

Please refer to FIG. 1A again. The light source 10 of the
lighting system 14 is a high pressure mercury lamp, for
example an ultra high pressure (UHP) mercury lamp, for
emitting a light beam 100. By the relay lens group 11, the
optical path of the light beam 100 is adjusted. The adjusted
light beam 102 is modulated by the digital micro display
module 13 as a modulated light beam 103. The modulated
light beam 103 is processed into the image beam 104 by the
projection lens 15. The image beam 104 is projected on the
projection screen 16 to result in an image frame. In this
embodiment, the optical spectrum and/or the white balance of
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the light beam 100 from the UHP mercury lamp 10 is opti-
cally modulated by the optical filter module 17. Conse-
quently, the modulated image beam 104 can comply with the
color request of DCI. In this embodiment, the optical filter
module 17 is arranged along a main optical path of the light-
ing system 14. That is, the optical filter module 17 may be
located at an arbitrary position along the optical path from the
light source 10 to the projection screen 16. In this embodi-
ment, the optical filter module 17 is arranged between the
relay lens group 11 and the digital micro display module 13.
It is noted that the position of the optical filter module 17 may
be varied according to the practical requirements.

FIGS. 2A and 2B schematically illustrate two exemplary
optical filter modules used in the lighting system of FIG. 1A.
As shown in FIG. 2A, the optical filter module 17 comprises
a notch filter 171 and a neutral density filter (also referred as
a ND filter) 172. The notch filter 171 is used for intercepting
the light corresponding to some specified wavelengths in
order to modulate the optical spectrum of the light beam 102.
The ND filter 172 is used for modulating the white balance of
the light beam 102 such that the modulated image beam 104
can comply with the color request of DCI. In some embodi-
ments, as shown in FIG. 2A, the notch filter 171 and the ND
filter 172 are formed on two opposite surfaces of a single
optical element 170. Consequently, the single optical element
170, the notch filter 171 and the ND filter 172 are collabora-
tively defined as the optical filter module 17. That is, the
optical filter module 17 is produced by coating two films on
the two opposite surfaces of the optical element 170. Alter-
natively, in some other embodiments, the notch filter 171 and
the ND filter 172 are two separated optical elements. The
notch filter 171 and the ND filter 172 may be separately
arranged along the optical path of the light beam 101, 102,
103 or 104 (see FIG. 1A). Moreover, the notch filter 171 may
be located in the upstream or downstream of the ND filter 172.
That is, the positions of the notch filter 171 and the ND filter
172 are not restricted as long as the image beam 104 modu-
lated by the notch filter 171 and the ND filter 172 are capable
of being projected onto the projection screen 16.

Please refer to FIG. 1A again. The lighting system 14
further comprises an IR/UV filter 18 and a light homogeni-
zation device 19. The IR/UV filter 18 is located near the UHP
mercury lamp 10 for filtering off the IR component and the
UV component. The light homogenization device 19 is
arranged between the UHP mercury lamp 10 and the relay
lens group 11. By the light homogenization device 19, the
light beam 100 from the UHP mercury lamp 10 is adjusted as
a homogenized telecentric light beam 101. In this embodi-
ment, the optical filter module 17 is arranged between the
relay lens group 11 and the digital micro display module 13,
but is not limited thereto. For achieving the optimal modulat-
ing performance, the optical filter module 17 is preferably
located at a telecentric position. For example, the telecentric
position of the optical filter module 17 may be located
between the relay lens group 11 and the digital micro display
module 13 (see FIG. 1A). Alternatively, the telecentric posi-
tion of the optical filter module 17 may be located between the
light homogenization device 19 and the relay lens group 11.
Alternatively, the telecentric position of the optical filter
module 17 may be between the digital micro display module
13 and the projection lens 15. In other words, the position of
the optical filter module 17 is not restricted as long as the
optical filter module 17 is arranged along the optical path of
the telecentric lightbeam 101, 102, 103 or 104. Consequently,
the purpose of the optical modulation is achieved. It is noted
that the optical filter module 17 may be located at a non-
telecentric position while retaining the teachings of the inven-
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tion. However, the optical modulating performance of the
optical filter module at the non-telecentric position is inferior
to the optical modulating performance of the optical filter
module at the telecentric position.

FIG. 1B schematically illustrates the architecture of a light-
ing system for a digital cinema projection apparatus accord-
ing to a second embodiment of the present invention. As
shown in FIG. 1B, the lighting system 24 is installed in a
digital cinema projection apparatus 1B. By the lighting sys-
tem 24, an image beam 204 is projected onto a projection
screen 26. The lighting system 24 comprises a light source 20,
a relay lens group 21, an optical filter module 25, a digital
micro display module 22, and a projection lens 23. In com-
parison with the first embodiment of FIG. 1A, the digital
micro display module 22 comprises a liquid crystal display
(LCD), and thus the optical elements of the relay lens group
21 are correspondingly changed. Similarly, the light source
20 of the lighting system 24 is a high pressure mercury lamp,
for example an ultra high pressure (UHP) mercury lamp, for
emitting a light beam 200. By the optical elements (not
shown) within the relay lens group 21, the optical path of the
light beam 200 is adjusted. The adjusted light beam 202 is
modulated by the digital micro display module 23 as a modu-
lated light beam 203. The optical filter module 25 is arranged
along the optical path of the lighting system 24 for performing
optical modulation. In this embodiment, the optical filter
module 25 is arranged between the relay lens group 21 and the
digital micro display module 22. For achieving the optimal
modulating performance, the optical filter module 25 is pref-
erably located at the optical path of the telecentric light beam
200, 202 or 203. The modulated light beam 203 is processed
into the image beam 204 by the projection lens 25. The image
beam 204 is projected onto the projection screen 26 to result
in an image frame. In this embodiment, the optical spectrum
and/or the white balance of the light beam 200 from the UHP
mercury lamp 20 is optically modulated by the optical filter
module 25. Consequently, the modulated image beam 204
can comply with the color request of DCI.

FIG. 3A illustrates the optical spectrum of the ultra high
pressure mercury lamp used in the lighting system according
to the first embodiment of the present invention. FIG. 3B
illustrates the transmission spectrum of the notch filer used in
the lighting system according to the first embodiment of the
present invention. FIG. 4 schematically illustrates the color
gamut of the ultra high pressure mercury lamp, the color
gamut of the combination of the high pressure mercury lamp
and the notch filer and the color gamut of the DCI request.

As shown in FIGS. 1A and 3 A, the light intensity of the red
spectrum (in the wavelength range of 600~700 nm) of the
UHP mercury lamp 10 used in the lighting system of the
present invention is very low. Since the light intensity of the
red spectrum of the UHP mercury lamp 10 is much lower than
the xenon lamp, the UHP mercury lamp 10 fails to be directly
used in the conventional digital cinema projection apparatus.

For example, the DCI color gamut request for the digital
cinema projection apparatus may be described as follows.
That is, Red(x,y): x=0.680+0.01, y=0.320+0.01; Green(x,y):
x=0.265+£0.02, y=0.692+0.02; Blue(x,y): x=0.150+
0.01~0.03, y=0.690+0.01~0.04. Moreover, the target color
coordinate of the white balance is denoted as White(x,y):
x=0.314, y=0.351. For matching the UHP mercury lamp 10,
the notch filter 171 has a transmission spectrum as shown in
FIG. 3B. The notch filter 171 has the following optical con-
ditions: the transmittance is 97% in the wavelength range of
420 nm-538 nm, the transmittance is 97% in the wavelength
range of 622 nm-680 nm, the transmittance is 50% in the
wavelength range of 561 nm=5 nm, the transmittance is 50%
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in the wavelength range of 599 nm=+5 nm, the wavelength
difference in the transmittance range between 30% and 90%
is smaller than 20 nm, the minimum transmittance is 15%—
19%, and the wavelength corresponding to the minimum
transmittance is about 580 nm+5 nm. In case that the center
value of the wavelength corresponding to the minimum trans-
mittance is about 580 nm, after the light beam 101 from the
UHP mercury lamp 10 is filtered by the notch filter 171, the
color gamut is modulated. Consequently, the color gamut lies
within the dash line triangle zone D as shown in FIG. 4.
Moreover, the simulation according to the above optical con-
ditions has the results as shown in Table 1.

TABLE 1
UHP mercury lamp UHP mercury lamp + notch filter
White(x,y)  (0.282,0.298) White(x, y) (0.250, 0.260)
Red(x,y) (0.662,0.653) Red(x,y) (0.676, 0.321)
Green(x,y) (0.323,0.653) Green(x, y) (0.263, 0.702)
Blue(x, y) (0.146,0.017) Blue(x,y) (0.146, 0.047)

According to the simulation results as shown in Table 1, the
RGB color gamut complies with the DCI RGB color request,
but the coordinate of the white balance is still away from the
target value. For achieving the target value of the white bal-
ance, the green color intensity and the blue color intensity
need to be further adjusted by optical modulation or elec-
tronic modulation.

Please refer to FIG. 4 again. The solid zone A denotes the
color gamut of a visible light. The solid line triangle zone C
denotes the color gamut of the UHP mercury lamp, wherein
the point C' is the white balance point. For allowing the color
gamut of the UHP mercury lamp 10 to approach the DCI color
gamut (i.e. the dash line triangle zone D), the light beam from
the UHP mercury lamp 10 should be modulated by the notch
filter 171. Consequently, the modulated color gamut is close
to the DCI color gamut (i.e. the dash line triangle zone D),
wherein the point M' is the modulated white balance point. In
other words, the modulated color gamut complies with the
DCI color request, but the modulated white balance point M'
is still away from the white balance point D' of the DCI color
request. For achieving the target value of the white balance,
the green color intensity and the blue color intensity need to
be reduced by about 22% and 62%, respectively.

FIG. 5A illustrates the simulated transmission spectrum of
the notch filer, in which the upper limit of the wavelength
corresponding to the minimum transmittance is about 585
nm. The simulation according to the above optical conditions
has the results as shown in Table 2.

TABLE 2

UHP mercury lamp UHP mercury lamp + notch filter

White(x,y)  (0.282,0.298)  White(x,y) (0.248, 0.269)
Red(x,y)  (0.662,0.653)  Red(x,y) (0.681, 0.316)
Green(x,y) (0.323,0.653) Green(x, y) (0.275, 0.693)
Blue(x, y) (0.146,0.017) Blue(x,y) (0.146, 0.047)
According to the simulation results as shown in Table 2, the

green color intensity and the blue color intensity need to be
further reduced by about 31% and 64%, respectively.

FIG. 5B illustrates the simulated transmission spectrum of
the notch filer, in which the lower limit of the wavelength
corresponding to the minimum transmittance is about 575
nm. The simulation according to the above optical conditions
has the results as shown in Table 3.
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TABLE 3

UHP mercury lamp UHP mercury lamp + notch filter

White(x,y)  (0.282,0.298) White(x, y) (0.252,0.250)
Red(x, y) (0.662,0.653) Red(x,y) (0.671,0.326)
Green(x,y) (0.323,0.653) Green(x, y) (0.253,0.708)
Blue(x, y) (0.146,0.017) Blue(x, y) (0.146, 0.047)

According to the simulation results as shown in Table 3, the
green color intensity and the blue color intensity need to be
further reduced by about 10% and 60%, respectively.

From the above simulation results, it is found that if the
wavelength corresponding to the minimum transmittance of
the notch filer 171 is varied, the reduction extents of the green
color intensity and the blue color intensity are different.

As previously described, the green color intensity and the
blue color intensity may be adjusted by optical modulation or
electronic modulation. When the electronic modulation is
taken into consideration, if the green color intensity is largely
reduced, the quality of the image signal may be adversely
affected. Consequently, the reduction of the green color inten-
sity should be as low as possible. It is found that the use of the
neutral density filter 172 can achieve the above object.

FIG. 6A illustrates the transmission spectrum of the notch
filer and the neutral density filter of the lighting system
according to a third embodiment of the present invention. As
previously described, the green color intensity and the blue
color intensity are still high after the optical modulation of the
notch filer 171. Consequently, the green color intensity and
the blue color intensity may be further reduced by the neutral
density filter 172. For example, the neutral density filter 172
may be a two-stage neutral density filter with a simple struc-
ture. The neutral density filter 172 is capable of filtering off
15% of green light and 15% of'blue light simultaneously. That
is, both of the green color intensity and the blue color inten-
sity green color intensity are reduced to 85% of the original
intensities. After an equivalent light intensity modulation, the
transmission spectrum of the combination of the notch filer
and the neutral density filter is shown in FIG. 6B.

FIG. 7A illustrates the transmission spectrum of the notch
filer and the neutral density filter of the lighting system
according to a fourth embodiment of the present invention. In
this embodiment, the neutral density filter 172 is a three-stage
neutral density filter. The neutral density filter 172 is capable
of filtering off different percentages of green light and blue
light. As shown in FIG. 7A, the neutral density filter 172 is
capable of filtering off 20% of green light and 50% of blue
light simultaneously. That is, the green color intensity and the
blue color intensity are reduced to 80% and 50% of the
original intensities, respectively. After an equivalent light
intensity modulation, the transmission spectrum of the com-
bination of the notch filer and the neutral density filter is
shown in FIG. 7B.

From the above discussions, the combination of the notch
filer 171 and the neutral density filter 172 of the optical filter
module 17 is capable of optically modulating the optical
spectrum and/or the white balance of the light beam from the
ultra high pressure mercury lamp. FIG. 8 illustrates the opti-
cal spectrum of the lighting system according to the first
embodiment of the present invention. As shown in FIG. 8, by
the optical modulation of the optical filter module 17, the
modulated image beam can comply with the color request of
DCI and the image quality in the subsequent electronic
adjustment will not be obviously deteriorated.

FIG. 9 schematically illustrates the notch wavelength
range of the notch filter used in the lighting system according
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to the first embodiment of the present invention. For allowing
the light beam from the UHP mercury lamp 10 of the digital
cinema projection apparatus 1A to comply with the DCI color
request, the notch filter 171 has a preferred notch wavelength
range between 535 nm and 625 nm. Moreover, the minimum
transmittance within this notch wavelength range is lower
than 40%. As shown in FIG. 9, the notch filter 171A or 172B
can satisfy the above requirements.

From the above descriptions, the present invention pro-
vides a lighting system for a digital cinema projection appa-
ratus. The lighting system uses an ultra high pressure mercury
lamp as a light source. Moreover, an optical filter module
including a notch filer and a neutral density filter is arranged
along an optical path of the lighting system for adjusting the
output color gamut and modulating the white balance. Pref-
erably, the optical filter module is located at a telecentric
position. Consequently, the output color can comply with the
DCI color request. Since the UHP mercury lamp has low cost,
small volume and long life, the use of the UHP mercury lamp
is helpful for reducing the overall cost and volume of the
digital cinema projection apparatus and prolonging the use
life of the digital cinema projection apparatus.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. A lighting system for a digital cinema projection appa-
ratus, the lighting system comprising:

an ultra high pressure mercury lamp for emitting a light

beam;

a relay lens group for receiving the light beam and adjust-

ing an optical path of the light beam;

a digital micro display module;

an optical filter module comprising a notch filter and a

neutral density filter is arranged along the optical path of
the lighting system, said notch filter is for optically
modulating an optical spectrum and said neutral density
filter is for modulating a white balance of the light beam
from the ultra high pressure mercury lamp so as to filter
off at least 10% of green light and 15% of blue light of
said light beam from the ultra high pressure mercury
lamp; and

aprojection lens for projecting the modulated light beam as

an image beam.

2. The lighting system according to claim 1, wherein the
notch filter has a notch wavelength range between 535 nm and
625 nm.

3. The lighting system according to claim 2, wherein the
minimum transmittance of the notch filter within the notch
wavelength range between 535 nm and 625 nm is lower than
40%.

4. The lighting system according to claim 1, wherein the
notch filter and the neutral density filter are formed on two
opposite surfaces of a single optical element.

5. The lighting system according to claim 1, wherein the
notch filter and the neutral density filter are two separated
optical elements.

6. The lighting system according to claim 1, wherein the
optical filter module is located at a telecentric position.
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7. The lighting system according to claim 6, wherein the
telecentric position is located between the relay lens group
and the digital micro display module.

8. The lighting system according to claim 6, wherein the
telecentric position is located between the digital micro dis-
play module and the projection lens.

9. The lighting system according to claim 6, wherein the
digital micro display module comprises a digital micro-mir-
ror device (DMD).

10. The lighting system according to claim 9, further com-
prising a light homogenization device, wherein the light
homogenization device is arranged between the ultra high
pressure mercury lamp and the relay lens group, wherein the
telecentric position of the optical filter module is arranged
between the light homogenization device and the relay lens
group.

11. The lighting system according to claim 1, wherein the
digital micro display module comprises a liquid crystal dis-
play (LCD) or a liquid crystal on silicon (LCoS) display.

12. A lighting system for a digital cinema projection appa-
ratus, the lighting system comprising:

an ultra high pressure mercury lamp for emitting a light

beam;

arelay lens group for receiving the light beam and adjust-

ing an optical path of the light beam;

a digital micro display module;

an optical filter module comprising a notch filter and a

neutral density filter is arranged along the optical path of
the lighting system, said notch filter is for optically
modulating an optical spectrum and said neutral density
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filter is for modulating a white balance of the light beam
from the ultra high pressure mercury lamp so as to filter
off at least 10% of green light and 15% of blue light of
said light beam from the ultra high pressure mercury
lamp, wherein said notch filter has a notch wavelength
range between 535 nm and 625 nm; and
aprojection lens for projecting the modulated light beam as
an image beam.
13. A digital cinema projection apparatus, comprising:
a lighting system comprising:
an ultra high pressure mercury lamp for emitting a light
beam;
a relay lens group for receiving the light beam and
adjusting an optical path of the light beam;
a digital micro display module;
an optical filter module comprising a notch filter and a
neutral density filter is arranged along the optical path
of' the lighting system, said notch filter is for optically
modulating an optical spectrum and said neutral den-
sity filter is for modulating a white balance of the light
beam from the ultra high pressure mercury lamp so as
to filter off at least 10% of green light and 15% of blue
light of said light beam from the ultra high pressure
mercury lamp; and
aprojection lens for projecting the modulated light beam
as an image beam; and
a projection screen, wherein the image beam is projected
on the projection screen.
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